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(54) Compatible optical pickup 

(57) A compatible optical pickup for use with each 
of a high density optical disc (e.g. HD-DVD) and at least 
one kind of low density optical disc (e.g. DVD and CD), 
includes an objective lens (40) for forming a light spot 
on the high density optical disc (50a) and the low density 
optical disc (50b, 50c) by focusing incident short wave- 
length (1a) and long wavelength (1b,1c) light beams, re- 
spectively, a diffractive device (15) for correcting chro- 
matism according to a change in wavelength of the short 
wavelength light beam, and a divergent lens (1 7) for in- 



creasing a working distance with respect to the at least 
one kind of low density optical discs (50b, 50c) by re- 
fracting the long wavelength light beam (1b, 1c) pro- 
ceeding toward the objective lens (40). Thus, the diffrac- 
tive device (15) reduces defocusof the short wavelength 
light source due to the mode hopping. Also, since the 
divergent lens (17) is provided in the above compatible 
optical pickup, a sufficient working distance can be se- 
cured so that the objective lens (40) does not collide with 
the low density optical disc (50c). 



FIG. 1 
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Description 

[0001] The present invention relates to a compatible optical pickup which can record onto and/or reproduce from 
each of a plurality of optical discs having different formats by using light beams having a plurality of wavelengths, and 
5 more particularly, to a compatible optical pickup for corrections chromatism generated in an objective lens due to a 
change in output of a light source when a record and/or reproduction mode is switched with respect to a high density 
optical disc. 

[0002] In an optical recording and/or reproducing apparatus for recording or reproducing information with respect to 
an optical disc by using a light spot formed by an objective lens : the capacity of recording is determined by the size of 
10 the light spot. The size S of the light spot is proportional to the wavelength X of a light beam and inversely proportional 
to numerical aperture (NA) of the objective lens, as shown in the following inequality. 

[Equation 1] 
S«AVNA 

[0003] Accordingly, to reduce the size of the light spot focused on an optical disc for high densification of the optical 
disc, a short wavelength light source such as a blue-violet laser and an objective lens having an NA of 0.6 or more are 
20 necessary. 

[0004] Thus, an optical pickup for a next generation DVD, so called an HD-DVD (high definition-digital versatile disc), 
that is currently under development, adopts a light source for emitting a blue-violet light beam and an objective lens 
having an NA of 0.6 or more, to obtain a high information recording density than an information recording density of a 
conventional optical disc of a CD or DVD family, by reducing the size of a light spot formed on the optical disc. 
25 [0005] However, an optical material such as glass and plastic used for an objective lens of a typical optical pickup 
exhibits a very sharp change in refractive index in a range of a wavelength shorter than 650 nm. 
[0006] Table 1 shows a change in refractive index according to a wavelength of M-BaCD5N manufactured by Hoya 
which is used as a material for glass for molding an objective lens. 

30 [Table 1 ] 



Change in wavelength 


Change in refractive index of Hoya's M-BaCDSN glass 


650 nm — > 651 nm 


0.000038 


405 nm — > 406 nm 


0.000154 



[0007] As can be seen from Table 1 , the optical material shows a great change in refractive index by about four times 
in a range of a blue-violet wavelength compared to a red wavelength used for an optical pickup for a DVD , with respect 
to a small change in wavelength by about 1 nm. 

[0008] The sharp change in refractive index of the optical material in a short wavelength mainly causes deterioration 
of performance according to defocus in a recordable high density optical pickup capable of repeatedly switching be- 
tween recording and reproduction. That is, the optical pickup uses a recording optical power and a reproduction optical 
power which are different from each other. In general, if the output of a light source is increased, the wavelength of a 
light beam emitted from the light source becomes elongated. Chromatism generated in the objective lens due to a 
change in wavelength according to a change in the optical power during mode switch between recording and repro- 
duction causes defocus (defocus according to mode hopping). Here, the mode hopping means a phenomenon in which 
a wavelength increases or decreases intermittently under the conditions of the light source, for example, a change in 
temperature. When an input current is increased to increase the optical power, the temperature in the light source 
increases due to the internal heat. Thus, the above mode hopping occurs. 

[0009] Although the defocus due to the change in wavelength can be corrected by adjusting the objective lens by 
an actuator, since it takes relatively long time to follow the change in wavelength by driving the actuator, the quality of 
reproduced and recorded signals is deteriorated during the above time. The defocus generated when the optical power 
is increased for recording causes a lack of recording optical power while the defocus when the optical power is de- 
creased for reproduction increases jitter. 

[0010] That is, when the output of the light source is increased to record information on the optical disc, the wavelength 
of the light beam emitted from the light source is elongated to, for example, 406 nm, so that the light spot is defocused 
and recording cannot be performed appropriately until the actuator follows the defocus. When the output of the light 
source is decreased for reproduction, the wavelength of the light source is shortened to, for example, 405 nm. In this 
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10 



15 



case, since the actuator is in a state of following the elongated wavelength, defocus is generated again. When the 
defocus is generated, jitter increases in a reproduction signal according to a reproduction signal. 
[001 1] Thus, the optical pickup for high density recording and reproduction needs to have an optical system structure 
capable of restricting generation of chromatism or compensating therefore, even when the wavelength of the light 
beam emitted from the light source changes according to a change between recording and reproduction output. 
[0012] In the meantime, assuming that an inclination angle of an optical disc is G, a refractive index of the optical 
disc is n, a thickness of the optical disc is d, and an N A of an objective lens is NA, coma aberration W31 generated by 
the inclination of an optical disc can be expressed as follows. 

[Equation 2] 
dn 2 in 2 - 1) sinGcosG htA 3 

W & = ' 9 2 2 5'2 NA 

2 (n 2 -sin 2 G) 52 



[0013] Here, the refractive index and thickness of the optical disc indicate those of an optical medium from each of 
light incident surfaces to a recording surface. 

[0014] Considering Equation 2, to secure allowance by the inclination of an optical disc, as NA of the objective lens 
increases for high density, the thickness of the optical disc needs to be reduced. Accordingly, the thickness of a DVD 

20 js reduced to 0.6 mm from 1 .2 mm of a CD. The thickness of an HD-DVD may be reduced to 0.1 mm. Of course, the 
NA of an objective lens of a DVD is increased to 0.6 from 0.45 of a CD. In the case of an HD-DVD, the NA of an 
objective lens may increase to 0.85 mm. Also, considering the recording capacity of the HD-DVD, a blue-violet light 
source is very likely to be adopted. In developing an optical disc having such a new specification, compatibility with a 
conventional optical disc is important. 

25 [0015] For example, since the reflectance of a DVD-R or CD-R of conventional optical discs which is recordable only 
one time is drastically lowered according to a wavelength, use of a light source of a wavelength of 650 nm and 780 
nm is necessary. Thus, considering the compatibility with a DVD-R and/or CD-R, a compatible optical pickup for re- 
cording and/or reproducing an HD-DVD needs to adopt two or three light sources having different wavelengths. 
[0016] Here ; a compatible optical pickup adopting a plurality of light sources having different wavelengths preferably 

30 includes a single objective lens considering various merits such as the size of an apparatus, easiness in assembly, 
and cost. 

[0017] However, design and manufacturing of an objective lens having a high NA of 0.85 into one unit requires a 
high technology and it is difficult to have a working distance lengthy like an objective lens for a DVD, while maintaining 
a high NA. In the field of the present technology, an objective lens is typically designed to have a working distance of 
35 0.6 mm with respect to a blue-violet light source and an HD-DVD having a thickness of 0.1 mm. When the light beam 
emitted from a light source for a DVD and a light source for a CD is focused by an objective lens having a working 
distance of 0.6 mm with respect to an HD-DVD and forms a light spot on the DVD and CD, the working distance is 
0.32 mm and -0.03 mm, respectively, which means the CD collides with the objective lens. 

[0018] When the light beam emitted from the light source for a CD is input to the objective lens in form of a divergent 
40 light beam by reducing the distance between the light source for a CD and a collimating lens, the working distance can 

be secured. However, in this case, since the optical system is a finite optical system, an aberration characteristic 

according to the movement of the actuator in a radial direction is sharply deteriorated which is not preferable. 

[0019] In summary, a recordable high density optical pickup capable of repeatedly recording and reproducing by 

using a light source having a shorter wavelength than a red wavelength needs an optical system structure which can 
45 restrict or compensate for defocus during switching between recording and reproduction modes. Also, the high density 

optical pickup needs to have lengthy working distance with respect to the light beam for a DVD and/or CD considering 

the compatibility with a relatively low density DVD and/or CD. 

[0020] Bearing in mind the above-described problems, it is an aim of the present invention to provide a compatible 
optical pickup which can reduce defocus according to a mode hopping of a short wavelength light source. Another aim 
so of the present invention is to provide an optical pickup suitable for use with both a short wavelength light source and 
at least one long wavelength light source by which, when operating with a low density optical disc having a relatively 
great thickness, a sufficient working distance is secured so that an objective lens and the low density optical disc do 
not collide with each other. 

[0021] According to the present invention there is provided a compatible optical pickup comprising an optical unit for 
55 emitting a short wavelength light beam suitable for a high density optical disc and at least one long wavelength light 
beam suitable for at least one kind of low density optical discs, and for receiving and detecting light beams reflected 
by the high density optical disc and the low density optical disc, an objective lens for forming a light spot on the high 
density optical disc and the low density optical disc by focusing incident short wavelength and long wavelength light 
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beams, a diffractive device for correcting chromatism according to a change in wavelength of the short wavelength 
light beam by diffracting the short wavelength light beam output from the optical unit, and a divergent lens for increasing 
a working distance with respect to the at least one kind of low density optical discs by refracting the long wavelength 
light beam proceeding from the optical unit toward the objective lens. 
5 [0022] It is preferred in the present invention that the short wavelength light beam and the long wavelength light 
beam are polarized orthogonally each other, and the diffractive device is a polarizing holographic device which diffracts 
a short wavelength light beam having one polarization and transmits a long wavelength light beam having a different 
polarization orthogonal to the short wavelength light beam, as it is. 

[0023] It is preferred in the present invention that the polarizing holographic device is of a blazed type to improve an 

10 efficiency of first diffraction with respect to the short wavelength light beam. 

[0024] It is preferred in the present invention that the low density optical disc comprises first and second low density 
optical discs having different recording density and thickness, and the long wavelength light beam comprises a first 
long wavelength light beam having a wavelength of A/I suitable for the first low density optical disc and a second long 
wavelength light beam having a wavelength of X2 suitable for the second low density optical disc. 

15 [0025] It is preferred in the present invention that the low density optical disc comprises first and second low density 
optical discs having different recording density and thickness, the long wavelength light beam comprises a first long 
wavelength light beam having a wavelength of XI suitable for the first low density optical disc and a second long 
wavelength light beam having a wavelength of X2 suitable for the second low density optical disc, the diffractive device 
is a holographic device where a pattern having a stepped structure is formed, and when refractive indices of an optical 

20 medium forming the holographic device are n11 and n22 with respect to the wavelengths X"\ and X2 of the first and 
second long wavelength light beams, the size of a step d of the pattern satisfies following equations: 

(n11-n0')d=gA,1, 

25 

and 

(n22-nO")d=hX2, 

30 

where g and h are numbers within a range of integer±0.07, and n0' and n0" are refractive indices of an air portion 
with respect to the wavelengths of A,1 and X2, respectively. 

[0026] It is preferred in the present invention that a blazed type pattern is formed in the diffractive device. 
[0027] It is preferred in the present invention that the first and second low density optical discs are a DVD family and 
35 a CD family, respectively, the high density optical disc has a thickness thinner than the first low density optical disc, 
and the high density optical disc has a thickness of about 0.1 mm. 

[0028] It is preferred in the present invention that the objective lens has an NA of 0.7 or more suitable for the high 
density optical disc. 

[0029] It is preferred in the present invention that a working distance of the objective lens is not more than 0.7 mm. 

40 [0030] It is preferred in the present invention that the compatible optical pickup further comprises first and second 
phase correctors for correcting aberration generated when the first and second low density optical discs are adopted, 
by generating a change in phase difference with respect to the first and second long wavelength light beams. 
[0031] It is preferred in the present invention that each of the first and second phase correctors has a plurality of 
phase delay areas, and when the amounts of phase delay when the short wavelength light beam having a wavelength 

45 of X and the second long wavelength light beam having a wavelength of X2 pass through one phase delay area of the 
first phase corrector are a and a', and the amounts of phase delay when the short wavelength light beam and the 
second long wavelength light beam pass through the other phase delay area of the first phase corrector adjacent to 
the one phase delay area are b and b', the first phase corrector satisfies following equations: 

50 

(a-b)=a, 

and 

(a'-b')=nU2, 

where , I and m are numbers within a range of integer±0.07, and when the amounts of phase delay when the 
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short wavelength light beam having a wavelength of X and the first long wavelength light beam having a wavelength 
of A,1 pass through one phase delay area of the second phase corrector are c and c\ respectively, and the amounts 
of phase delay when the short wavelength light beam and the first long wavelength light beam pass through the other 
phase delay area of the second phase corrector adjacent to the one phase delay area are d and d\ respectively, the 
5 second phase corrector satisfies following equations: 

(c-d)=pA., 

10 and 

(C-d')=qM, 

15 where p and q are numbers within a range of integer±0.07. 

[0032] It is preferred in the present invention that a pattern having a stepped structure is formed in the first phase 
corrector, the step of the pattern corresponds to the respective phase delay areas, and when refractive indices of an 
optical medium forming the first phase corrector with respect to the wavelengths of X and X2. are n and n2, respectively, 
the size s1 of the step of the pattern satisfies following equations: 

20 

(n-n0)s1=IA,, 

and 

25 

(n2-n0")s1=mA,2, 

where nO' and nO" are refractive indices of an air portion with respect to the wavelengths of X and X2, respectively. 
30 [0033] It is preferred in the present invention that a pattern having a stepped structure is formed in the second phase 
corrector, the step of the pattern corresponds to the respective phase delay areas, and when refractive indices of an 
optical medium forming the second phase corrector with respect to the wavelengths of A. and A.1 are n' and n1\ respec- 
tively, the size s2 of the step of the pattern satisfies following equations: 

35 

(n'-n0)s2=pA., 

and 

40 

(n1'-n0')s2=qX1, 

where nO and n0' are refractive indices of an air portion with respect to the wavelengths of X and A,1 , respectively. 

[0034] It is preferred in the present invention that the compatible optical pickup further comprises an aperture filter 
45 for changing an effective NA of the objective lens with respect to one of the first and second long wavelength light 

beams suitable for recording and/or reproduction of one of the first and second low density optical discs. 

[0035] It is preferred in the present invention that the aperture filter is one of a wavelength selective coating member 

and a holographic diffractive member which are formed to allow a light beam incident at a central portion of the aperture 

filter to proceed, as it is. and selectively prevent a light beam incident outside the central portion according to a wave- 
so length of the incident light beam. 

[0036] It is preferred in the present invention that the aperture filter is integrally formed with one of the first and second 

phase correctors. 

[0037] It is preferred in the present invention that the short wavelength light beam is in a blue-violet wavelength area, 
the first long wavelength light beam is in a red wavelength area, and the second long wavelength light beam is in an 
55 infrared wavelength area, and that the A. is substantially in a range between 400-410 nm, the A.1 is substantially one 
of 635 nm and 650 nm, and the X2 is substantially 780 nm. 

[0038] It is preferred in the present invention that, when the short wavelength light beam output from the optical unit 
and incident on the diffractive device is a parallel beam, the divergent lens offsets optical power applied by the diffractive 
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device to the short wavelength light beam and makes a parallel short wavelength light beam incident on the objective 
lens. 

[0039] It is preferred in the present invention that the diffractive device and the divergent lens are integrally driven 
with the objective lens. 

5 [0040] It is preferred in the present invention that the compatible optical pickup further comprises a wave plate to 
improve an efficiency of light with respect to the short wavelength light beam. 

[0041] For a better understanding of the invention, and to show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, to the accompanying diagrammatic drawings in which: 

10 Figure 1 is a view illustrating a compatible optical pickup according to a preferred embodiment of the present 

invention; 

Figure 2 is a view for explaining a preferred embodiment of a non-polarization type diffractive device adopted in 
the preferred compatible optical pickup device; 

15 

Figure 3 is a graph showing a phase difference between a wavelength A.1 of a first long wavelength light and a 
wavelength X2 of a second long wavelength light according to the size of a step d, when M-LaC1 30_HOYA is used 
as an optical medium of the non-polarization diffractive device of Figure 2; 

20 Figure 4 is a view for explaining a preferred embodiment of first and second phase correctors adopted in the 

preferred compatible optical pickup; 

Figure 5 is a graph showing a phase difference between a wavelength X of a short wavelength light for an HD-DVD 
and the wavelength X2 of the second long wavelength light for a CD according to the size of a step s1 , when BK7 
25 is used as an optical medium of the first phase corrector; 

Figure 6 is a view showing a first preferred embodiment of the preferred optical structure of the compatible optical 
pickup according to the present invention; 

30 Figures 7A, 7B, and 70 are views showing a change in polarization in a short wavelength light, and first and second 

long wavelength lights when the short wavelength light and the first and second long wavelength lights are polarized 
perpendicular to each other and a polarization type diffractive device is provided in Figure 1 ; 

Figure 8 is a view showing a second preferred embodiment of the preferred optical structure of the compatible 
35 optical pickup according to the present invention; 

Figures 9A through 9C are views showing the optical path of the short wavelength light, and the first and second 
long wavelength lights when the compatible optical pickups shown in Figures 6 and 8 are divided by an optical 
system contributing to recording and/or reproduction of an HD-DVD, DVD and CD; 

40 

Figure 1 0A is a view showing chromatism by the objective lens itself when the wavelength is extended by 1 nm 
by a mode hopping; 

Figure 1 0B is a view showing chromatism in a case in which the first light source, a collimating lens, a diffractive 
45 device, and an objective lens are adopted in the preferred compatible optical pickup according to the present 

invention, when the wavelength is extended by 1 nm by a mode hopping; 

Figure 1 1 is a graph showing a phase difference between the wavelength X of the short wavelength light beam for 
an HD-DVD and the wavelength X2 of the second long wavelength light beam for a CD according to the size of 
so the step s1 , when FCD1 is used as an optical medium of the first phase corrector; 

Figure 1 2 is a graph showing a phase difference between the wavelength X of the short wavelength light beam for 
an HD-DVD and the wavelength X1 of the first long wavelength light beam for a DVD according to the size of the 
step s2, when M-NbFD83 is used as an optical medium of the second phase corrector; 

55 

Figure 13 is a view showing a phase difference, in two dimensions, corresponding to a spherical aberration to be 
corrected when a DVD is adopted; 
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Figure 1 4 is a view showing a change in phase difference, in two dimensions, generated in the first phase corrector 
in which a pattern having a 5-step structure is formed to correct the phase difference (aberration) shown in Figure 
13; 

5 Figure 15 is a view showing a one-dimensional section of the phase difference obtained by overlapping Figure 13 

and Figure 14; 

Figure 16A is a view showing a phase difference remaining by the first phase corrector during recording and/or 
reproduction of a CD; 

10 

Figure 16B is a view showing a phase difference remaining by the first phase corrector during recording and/or 
reproduction of a HD-DVD; 

Figure 17 is a view showing a phase difference, in two dimensions, corresponding to a spherical aberration to be 
15 corrected when a CD is adopted; 

Figure 18 is a view showing a change in phase difference, in two dimensions, generated in the second phase 
corrector in which a pattern having a 2-step structure to correct the phase difference (aberration) shown in Figure 
17 is formed; 

20 . . 

Figure 1 9 is a view showing a one-dimensional section of the phase difference obtained by overlapping Figure 1 7 
and Figure 18; 

Figure 20A is a view showing a phase difference remaining by the second phase corrector during recording and/ 
25 or reproduction of a DVD; and 

Figure 20B is a graph showing a phase difference remaining by the second phase corrector during recording and/ 
or reproduction of a HD-DVD. 

30 [0042] Referring to Figure 1 , a compatible optical pickup according to the preferred embodiment of the present in- 
vention includes an optical unit 1 , an objective lens 40 forfocusing a short wavelength light beam and a long wavelength 
light beam emitted from the optical unit 1 and forming light spots on a high density optical disc 50a and low density 
optical discs 50b and 50c, a diff ractive device 1 5 for diffracting the short wavelength light beam emitted from the optical 
unit 1 , and a divergent lens 1 7 for increasing a working distance with respect to at least one of the low density optical 

35 discs 50b and 50c by refracting the long wavelength light beam proceeding toward the objective lens 40 from the optical 
unit 1 . 

[0043] The optical unit 1 emits a short wavelength light beam 1 a suitable for the high density optical disc 50a and at 
least one of long wavelength light beams 1 b and 1c suitable for at least one sort of the low density optical discs 50b 
and 50c, so that recording and/or reproduction can be performed compatibly with the high density optical disc 50a and 
40 at least one sort of the low density optical discs 50b and 50c. The optical unit 1 receives the light beams reflected by 
the high density optical disc 50a and the low density optical discs 50b and 50c to detect an information signal and an 
error signal. 

[0044] The high density optical disc 50a can have a thickness thinner than a DVD, for example, an optical disc in an 
optical disc in a next generation DVD family having a capacity of 20 GB or more (hereinafter, referred to as "HD-DVD"). 
45 First and second low density optical discs 50b and 50c having different recording densities and thickness can be 
provided as the low density optical discs 50b and 50c. When the high density optical disc 50a is a HD-DVD, the first 
low density optical disc is an optical disc in a DVD family (hereinafter, referred to as "DVD") and the second low density 
optical disc 50c is an optical disc in a CD family (hereinafter, referred to as "CD"). 

[0045] When the compatible optical pickup records and/or reproduces three kinds of optical discs having different 
50 recording densities, that is, the high density optical disc 50a, and the first and second low density optical discs 50b 
and 50c, the long wavelength light beams 1 b and 1 c become thefirst long wavelength light beam 1 b having a wavelength 
of A,1 suitable for the first low density optical disc 50b and the second long wavelength light beam 1 c having a wavelength 
of X2 suitable for the second low density optical disc 50c. 

[0046] When the compatible optical pickup is provided to compatibly record and/or reproduce a CD, a DVD, or an 
55 HD-DVD, it is preferable that the short wavelength light beam 1a is a light beam having a wavelength in a range of a 
blue-violet wavelength area, for example, in a range between 400-410 nm, the first long wavelength light beam 1b is 
a light beam having a wavelength in a range of a red wavelength area, for example, a wavelength of 635 or 650 nm, 
and the second long wavelength light beam 1c is a light beam having a wavelength in a range of an infrared area, for 
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example, about 780 nm. 

[0047] The objective lens 40 has an NA of 0.7 or more, preferably, 0.85, to record and/or reproduce the high density 
optical disc 50a. Ideally, the objective lens 40 has a working distance of not more than 0.7 mm. This is because the 
working distance can be increased by the divergent lens 1 7 when the first and/or second low density optical discs 50b 
5 and 50c having thickness thicker than the high density optical disc 50a is adopted, so that the objective lens 40 is 
prevented from colliding against the first and second low density optical discs 50b and 50c. 

[0048] The optical unit 1 can be provided to emit the short wavelength light beam 1 a and the first and second long 
wavelength light beams 1b and 1c which are perpendicularly polarized. Here, for example, the short wavelength light 
beam 1 a has a P polarization while the first and second long wavelength light beams 1b and 1c have an S polarization. 

10 [0049] The diffractive device 1 5, as a polarization type diffractive device, may include a polarizing holographic device 
which diffracts the short wavelength light beam 1a having one polarization and transmits the first and second long 
wavelength light beams 1b and 1c having another polarization perpendicular to the above polarization. 
[0050] The polarizing holographic device, as it is well known, if it is a transmission type, diffracts a light beam having 
a particularpolarization and transmits a light beam having a polarization perpendicularto the above polarization without 

15 diffracting the light beam. 

[0051] In the present preferred embodiment, the polarizing holographic device is preferably formed of a blazed type 
so that the efficiency of diffraction with respect to the first diffraction light beam used as an effective light beam to the 
short wavelength light beam 1 a is improved. Here, the blazed type polarizing holographic device has a structure similar 
to that of a blazed type non-polarizing holographic device shown in Figure 2 which is described later. The blazed type 

20 polarizing holographic device can be formed of an anisotropic optical material having different refractive indices ac- 
cording to polarization. 

[0052] Alternatively, the diffractive device 15 is formed of a plurality of phase delay areas provided to generate a 
change in phase only to the short wavelength light beam regardless of the polarization of an incident light beam. The 
diffractive device 1 5 may have a structure in which the phase delay areas are periodically repeated to diffract the short 
25 wavelength light beam 1 a only. Here, the diffractive device 1 5 preferably is of a blazed type and can improve the optical 
efficiency of the first diffracted light beam with respect to the short wavelength light beam 1a. 

[0053] The phase delay areas are preferably provided such that the phase difference between one phase delay area 
and an adjacent phase delay area with respect to the first and second long wavelength light beams 1b and 1c approx- 
imately is an integral multiple of the wavelength \-\ of the first long wavelength light beam 1 b and the wavelength X2 
30 of the second long wavelength light beam 1 c. 

[0054] That is, assuming that the amounts of phase delay when the first and second long wavelength light beams 
1 b and 1 c pass the one phase delay area of the diffractive device 1 5 are i and i\ and the amounts of phase delay when 
the first and second long wavelength light beams 1b and 1c pass the other phase delay area of the diffractive device 
15 are j and j', the phase difference between the adjacent phase delay areas preferably satisfies the following Equation 

35 3. 

[Equation 3] 

40 (H)=gM 

<i'-J')=hX2 

[0055] Here : g and h are numbers within a range of integer±0.07, preferably, a range of integer±0.05. 

45 [0056] In this case, since the first and second long wavelength light beams 1b and 1c can transmit the diffractive 
device 15 without a phase change, the first and second long wavelength light beams 1b and 1c are not diffracted. In 
contrast, a phase change is generated at the diffractive device 1 5 with respect to the short wavelength light beam 1 a, 
and the phase delay areas diffract the short wavelength light beam 1a due to its periodic repetitive structure. 
[0057] In a detailed preferred embodiment, the diffractive device 15 as a non-polarization type diffractive device, as 

50 shown in Figure 2, can have a holographic device in which a pattern having a stepped structure so that the short 
wavelength light beam 1a can be diffracted is periodically formed at at least one side of a plate type optical medium. 
Figure 2 shows an example of a blazed type holographic device in which the diffractive device 15 has a4-step structure. 
In Figure 2, reference numeral 15a denotes an optical medium portion such as glass used for manufacture of the 
diffractive device 15, and reference numeral 16 denotes an air portion where the optical medium is removed to form 

55 a pattern having a stepped structure. Also, reference letter d denotes the size of a step. 

[0058] Here : the size of a step of the pattern of the diffractive device 1 5 is preferably formed to have the size corre- 
sponding to approximately an integral multiple of the wavelengths X~\ and X2 of the first and second long wavelength 
light beams 1b and 1c, satisfying the conditions of Equation 3, in which the first and second long wavelength light 
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beams 1 b and 1 c are transmitted as they are. Here, the step of the pattern corresponds to the above-mentioned phase 
delay area. 

[0059] The size d of a step of the pattern of the diffractive device 15 preferably satisfies Equation 4 ? corresponding 
to Equation 3. 

5 

[Equation 4] 
(n11-n0')d=gM 

W (n22-nO")d-h>L2 

[0060] Here ; n11 and n22 are refractive indices of the first and second long wavelength light beams 1 b and 1 c in an 
optical medium forming the diffractive device 15 with respect to the wavelengths of ?i1 and X2, respectively. nO 1 and 
15 n0" are refractive indices of the first and second long wavelength light beams 1b and 1c in the air portion with respect 
to the wavelengths of X1 and X2, respectively. 

[0061] Figure 3 is a graph showing a phase difference between the wavelength XI of the first long wavelength light 
beam 1 b and the wavelength X2 of the second long wavelength light beam 1 c according to the size of the step d, when 
M-LaC130_HOYA is used as an optical medium of the diffractive device 15. The graph of Figure 3 is obtained when 
20 the high density optical disc 50a and the first and second low density optical disc 50b and 50c are an HD-DVD, a DVD, 
and a CD, respectively, the wavelength X of the short wavelength light beam 1a is 400 nm, and the wavelengths X1 
and X2 of the first and second long wavelength light beams 1b and 1c are 650 nm and 780 nm, respectively. Here, the 
refractive indices of M-LaC130_HOYA to the wavelengths of 400 nm : 650 nm, 780 nm are 1.715566, 1.689858, and 
1 .684657, respectively. 

25 [0062] Referring to Figure 3, when a stepped pattern having a step d of 5.66 is formed by using M-LaC130_HOYA 
as an optical medium, a phase difference of 0.007 X1 close to an integral multiple with respect to the wavelength X1 
of the first long light beam 1 b for a DVD, a phase difference of 0.032 X2 close to an integral multiple with respect to 
the wavelength X2 of the second long light beam 1c for a CD, and a phase difference of 0.14 X with respect to the 
wavelength X of the short light beam 1 a for an HD-DVD are generated. 

30 [0063] Thus, the diffractive device 15 satisfying Equation 4 can be obtained by periodically forming a pattern having 
a plurality of steps having a step d of 5.66 urn by using M-LaC130_HOYA as an optical medium. 
[0064] The polarization or non-polarization diffractive device 15, as can be seen from a grating equation, since a 
diffraction angle of a diffracted light beam of the same order increases as the wavelength of an incident light increases, 
a focal length is reduced as the wavelength of the incident light increases. 

35 [0065] Thus, when the diffractive device 15 is provided, the wavelength of the short wavelength light beam 1a in- 
creases so that the focal length of the objective lens 40 increases while the focal length at the diffractive device 15 is 
reduced. Thus, the increase and decrease in the focal length are offset so that defocus due to the mode hopping during 
recording and/or reproduction mode switching with respect to the high density optical disc 50a can be reduced. 
[0066] Also, when the diffractive device 15 is provided, defocus due to the mode hopping during recording and/or 

40 reproduction mode switching with respect to the short wavelength light beam 1 a can be reduced. The long wavelength 
light beams 1 b and 1c can proceed without being affected by the diffractive device 15. 

[0067] The divergent lens 1 7 can be arranged on the optical path between the diffractive device 1 5 and the objective 
lens 40. The divergent lens 1 7 refracts the first and second long wavelength light beams 1 b and 1 c proceeding toward 
the objective lens 40 from the optical unit 1 to be incident upon the objective lens 40 as divergent light beams. For 

45 example, when the divergent lens 17 is adopted and the second long wavelength light beam 1c is focused by an 
objective lens having an NA of 0.85 and a working distance of 0.6 mm with respect to the high density optical disc 50a, 
that is, an HD-DVD, a working distance of 0.23 mm, for example, to the second low density optical disc 50c, that is, a 
CD, can be obtained. Here, when the objective lens 40 having a working distance of 0.6 mm is used, no problem is 
generated with respect to a DVD. 

so [0068] When the divergent lens 17 is provided at the entrance pupil side of the objective lens 40, even when the 
objective lens 40 having a normal working distance (for example, 0.6 mm) is used for an HD-DVD, a sufficient working 
distance not only for a DVD but also a CD can be obtained. Thus, during recording and/or reproduction of a CD, the 
objective lens 40 is prevented from colliding against an optical disc. 

[0069] I n the meantime, when no divergent lens 1 7 is provided, the short wavelength light beam 1 a diffracted by the 
55 diffractive device 15 is incident on the objective lens 40 as a converging light beam by the diffraction angle. However, 
when the divergent lens 1 7 is arranged at the entrance pupil side of the objective lens 40, the short wavelength light 
beam 1 a diffracted by the diffractive device 1 5 is refracted by the divergent lens 1 7 to be incident on the objective lens 
40 as an approximately parallel beam. This is because, as shown in Figure 1 , when the short wavelength light beam 
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1a incident on the diffractive device 15 is a parallel beam, the divergent lens 17 compensates for the optical power 
applied to the short wavelength light beam 1a by the diffractive device 15. 

[0070] In the present invention., it is preferable that the diffractive device 15 and the divergent lens 17 hardly have 
optical power with respect to the short wavelength light beam 1 a for the high density optical disc 50a. For this purpose, 
5 the diffractive device 15 and the divergent lens 17 are preferably driven integrally with the objective lens 40. That is, 
the diffractive device 1 5 and the divergent lens 1 7 are preferably installed at a bobbin of an actuator (not shown) where 
the objective lens 40 is installed. 

[0071] Preferably, the compatible optical pickup according to the present invention includes a wave plate 19 to im- 
prove the efficiency of the short wavelength light beam 1a for the high density optical disc 50a. When the wave plate 
10 1 9 is arranged between the diffractive device 15 and the objective lens 40, as shown in Figure 1 , preferably, the wave 
plate 1 9 works as a quarter wave plate with respect to the short wavelength light beam 1 a while it works as about half 
wave plate with respect to the first and second long wavelength light beams 1b and 1c. 

[0072] Here ; when a polarizing holographic device is provided as the diffractive device 15, the wave plate 19 is 
preferably arranged between the diffractive device 1 5 and the objective lens 40, as shown in Figure 1 . When the non- 
15 polarization diffractive device 15 is provided as the diffractive device 15, as shown in Figure 8 which will be described 
later, the position of the wave plate (69 of Figure 8) may be changed. 

[0073] In the meantime, in the case in which the first and second low density optical discs 50b and 50c have thickness 
different from that of the high density optical disc 50a, when a light spot is formed on the first low density optical disc 
50b by focusing the first long wavelength light beam 1 b by the objective lens 40, spherical aberration is generated due 

20 to a difference in thickness between the high density optical disc 50a and the first low density optical disc 50b. Likewise, 
when a light spot is formed on the second low density optical disc 50c by focusing the second long wavelength light 
beam 1c by the objective lens 40, spherical aberration is generated due to a difference in thickness between the high 
density optical disc 50a and the second low density optical disc 50c. Also, when the first and second long wavelength 
light beams 1 b and 1c are focused by the objective lens 40, chromatism is generated due to a difference in wavelength 

25 from the short wavelength light beam 1a. 

[0074] Thus, when the high density optical disc 50a and the first and second low density optical discs 50b and 50c 
are compatibly recorded and/or reproduced, the compatible optical pickup according to the present invention preferably 
provides first and second phase correctors 20 and 30 to correct aberration when the first and second low density optical 
discs 50b and 50c are adopted. 

30 [0075] The first phase corrector 20 corrects spherical and/or chromatism generated to the first long wavelength light 
beam 1 b during recording and/or reproduction of the first low density optical disc 50b. The second corrector 30 corrects 
spherical and/or chromatism generated to the second long wavelength light beam 1c during recording and/or repro- 
duction of the second low density optical disc 50c. 

[0076] The first phase corrector 20 has a plurality of phase delay areas provided to generate a change in phase 
35 difference only for the first long wavelength light beam 1b to correct aberration generated during recording and/or 
reproduction of the first low density optical disc 50b. The phase delay areas are preferably provided such that a phase 
difference between one phase delay area and another phase delay area adjacent thereto with respect to the short 
wavelength light beam 1a and the second long wavelength light beam 1c is approximately an integral multiple of the 
wavelength X of the short wavelength light beam 1 a and the wavelength A2 of the second long wavelength light beam 
40 1c as shown in Equation 5, so that a change in phase difference is generated only to a light beam having a particular 
wavelength by a principle similar to a case of the non-polarization diffractive device 15 described with reference to 
Figure 2. 

[0077] That is, assuming that the amounts of phase delay when the short wavelength light beam 1 a and the second 
long wavelength light beam 1c pass the one phase delay area of the first phase corrector 20 are a and a', and the 
45 amounts of phase delay when the short wavelength light beam 1 a and the second long wavelength light beam 1 c pass 
the other phase delay area of the first phase corrector 20 are b and b', the phase difference between the adjacent 
phase delay areas preferably satisfies the Equation 5. 

50 [Equation 5] 

(a-b)=U 
(a'-b')=mX2 

55 

[0078] Here : 1 and m are numbers within a range of integer±0.07, preferably, a range of integer±0.05. 

[0079] In this case, since the first phase corrector 20 generates a change in phase with respect to the first long 

wavelength light beam 1b and transmits the short wavelength light beam 1a and the second long wavelength light 
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beam 1c without the phase change. 

[0080] Similarly, the second phase corrector 30 has a plurality of phase delay areas provided to generate a change 
in phase difference only for the second long wavelength light beam 1c to correct aberration generated during recording 
and/or reproduction of the second low density optical disc 50c. The phase delay areas are preferably provided such 

5 that a phase difference between one phase delay area and another phase delay area adjacent thereto with respect to 
the short wavelength light beam 1 a and the first long wavelength light beam 1b is approximately an integral multiple 
of the wavelength X of the short wavelength light beam 1a and the wavelength 11 of the first long wavelength light 
beam 1b. That is ; assuming that the amounts of phase delay when the short wavelength light beam 1a and the first 
long wavelength light beam 1 b pass the one phase delay area of the second phase corrector 30 are c and c\ and the 

10 amounts of phase delay when the short wavelength light beam 1a and the first long wavelength light beam 1b pass 
the other phase delay area of the second phase corrector 30 are d and d\ the phase difference between the adjacent 
phase delay areas preferably satisfies the Equation 6. 



15 [Equation 6] 

(c-d)=pA. 
(c'-d')=qA,1 

20 

[0081] Here : p and q are numbers within a range of integer±0.07, preferably, a range of integer±0.05. 
[0082] In this case, since the second phase corrector 30 generates a change in phase with respect to the second 
long wavelength light beam 1c and transmits the short wavelength light beam 1a and the first long wavelength light 
beam 1b without the phase change. 

25 [0083] The first and second phase correctors 20 and 30, as shown in Figure 4, may have a structure in which a 
pattern having a step is formed in at least one side of a plate type optical medium to generate a change in phase 
difference to correct aberration generated during adopting the first and second low density optical discs 50b and 50c. 
In Figure 4, reference 21 denotes an optical medium portion such as glass used to manufacture the first and second 
phase correctors 20 and 30, reference numeral 23 denotes an air portion where the optical medium is removed by 

30 forming a pattern having a step, and reference letter s denotes the size of a step. 

[0084] Here : the size of a step of a pattern of each of the first and second phase correctors 20 and 30, to satisfy the 
conditions of Equations 5 and 6, is preferably formed to approximately correspond to an integral multiple of the two 
wavelengths such that the first and second phase correctors 20 and 30 work to generate a change in phase difference 
only to a light beam having one wavelength and transmit light beams having the other two wavelengths nearly as they 

35 are. Here, each step of the patterns correspond to the above phase delay area. 

[0085] That is, the size s1 of a step of a pattern of the first phase corrector 20 preferably satisfies Equation 7 corre- 
sponding to Equation 5. 



40 



[Equation 7] 
(n-n0)s1=1X 
(n2-nO")s1=mA,2 

45 

[0086] Here, n and n2 are refractive indices of the short wavelength light beam 1 a and the second long wavelength 
light beams 1c in an optical medium forming the first phase corrector 20 with respect to the wavelengths of X and A2, 
respectively. nO and nO" are refractive indices of the short wavelength light beam 1 a and the second long wavelength 
light beams 1c in the air portion with respect to the wavelengths of A, and X2, respectively. 
so [0087] Also, the size s2 of a step of a pattern of the second phase corrector 30 preferably satisfies Equation 8 
corresponding to Equation 6. 



55 



[Equation 8] 
(n'-n0)s2=p^ 
(n1'-n0 , )s2=q>.1 
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[0088] Here : n' and nV are refractive indices of the short wavelength light beam 1a and the first long wavelength 
light beams 1 b in an optical medium forming the second phase corrector 30 with respect to the wavelengths of X and 
A.1 , respectively. n'O and nO 1 are refractive indices of the short wavelength light beam 1 a and the first long wavelength 
light beams 1b in the air portion with respect to the wavelengths of X and ^1 , respectively. 

5 [0089] Figure 5 is a graph showing a phase difference between the wavelength X of the short wavelength light beam 
1 a for an HD-D VD and the wavelength X2 of the second long wavelength light beam 1 c for a CD according to the size 
of the step s1 , when BK7 is used as an optical medium of the first phase corrector 20. The graph of Figure 5 is obtained 
when the high density optical disc 50a and the first and second low density optical disc 50b and 50c are an HD-DVD, 
a DVD, and a CD, respectively, the wavelength X of the short wavelength light beam 1 a is 400 nm, and the wavelengths 

10 A,1 and X2 of the first and second long wavelength light beams 1 b and 1 c are 650 nm and 780 nm, respectively. Here, 
the refractive indices of BK7 which is glass to the wavelengths of 400 nm, 650 nm, 780 nm are 1 .530849, 1 .514520, 
and 1.511183, respectively. 

[0090] Referring to Figure 5, when a pattern having a step s1 of 1 .5 urn is formed by using BK7 as an optical medium, 
a phase difference of 0.99 X close to an integral multiple with respect to the wavelength X of the short light beam 1a 

*5 for an HD-DVD, a phase difference of 0.98 X2 close to an integral multiple with respect to the wavelength X2 of the 
second long light beam 1c for a CD, and a phase difference of 0.20 X1 with respect to the wavelength A,1 of the first 
long wavelength light beam 1b for a DVD are generated. Here, the size of a step of the pattern formed in the phase 
corrector being an integral multiple with respect to a light beam having a predetermined wavelength means that, when 
the light beam having a predetermined wavelength passes the phase corrector, a change is not generated in phase 

20 difference according to the shape of a pattern. 

[0091] Thus, the first phase corrector 20 satisfying Equations 5 and 7 can be obtained by forming a pattern having 
a step s1 of 1 .5 jxm by using BK7 as an optical medium. 

[0092] Also, when a pattern having a stepped structure satisfying the conditions of Equation 8 is formed in a prede- 
termined optical medium like the first phase corrector 20, the second phase corrector 30 can be obtained which trans- 
25 mits the short wavelength light beam 1 a and the first long wavelength light beam 1 b nearly as they are and generates 
a change in phase difference only for the second long wavelength light beam 1c. A preferred embodiment of the second 
phase corrector 30 will be described later in detail. 

[0093] When a pattern having a step of s1 satisfying Equation 7 is formed in the first phase corrector 20, the short 
wavelength light beam 1a and the second long wavelength light beam 1c pass through the first phase corrector 20 

30 nearly as they are, but a change in phase difference according to the shape of the pattern is generated in the first long 
wavelength light 1 b as it passes through the first phase corrector 20. Also, when a pattern having a step of s2 satisfying 
Equation 8 is formed in the second phase corrector 30, the short wavelength light beam 1 a and the first long light beam 
1 b pass through the second phase corrector 30 nearly as they are, but a change in phase difference according to the 
shape of the pattern is generated in the second long wavelength light 1 c as it passes through the second phase corrector 

35 30. 

[0094] Thus, a compatible optical pickup having two kinds of phase correctors, that is, the first and second phase 
correctors 20 and 30, which are manufactured to have a step of a pattern to be an integral multiple of two wavelengths 
and generate a change in phase difference in only one wavelength, can sufficiently reduce generation of aberration 
when three types of optical discs 50a, 50b, and 50c having different thickness are compatibly adopted. 

40 [0095] Referring back to Figure 1 , the optical pickup preferably further includes a first aperture filter 25 for changing 
an effective NA of the objective lens 40 with respect to the first long wavelength light beam 1b and a second aperture 
filter 35 for changing an effective NA of the objective lens 40 with respect to the second long wavelength light beam 1 c. 
[0096] The first and second aperture filters 25 and 35 are preferably wavelength selective coating members or ho- 
lographic diffractive members which can change an effective NA of the objective lens 40 by selectively preventing 

45 proceeding of a light beam incident on outer ring portions 25a and 35a according to the wavelength thereof while 
allowing a light beam incident on a central portion thereof to proceed substantially unchanged. 

[0097] The first and second aperture filters 25 and 35 can be formed such that the inside of the ring portions 25a 
and 35a are open, as shown in Figure 1 , and are preferably formed integrally with the first and second phase correctors 
20 and 30, respectively. 

so [0098] The ring portion 25a of the first aperture filter 25 blocks only the first long wavelength light beam 1b and 
transmits the short wavelength light beam 1a and the second long wavelength light beam 1c as they are. Here, the 
inner diameter of the ring portion 25a of the first aperture filter 25 is preferably formed to have a size enough to obtain 
an effective NA of the objective lens 40 suitable for recording and/or reproduction of the first low density optical disc 
50b. For example, when the first low density optical disc 50b is a DVD, the inner diameter of the ring portion 25a of 

55 the first aperture filter 25 is preferably formed to have a size enough to obtain an effective NA of 0.6 of the objective 
lens 40. 

[0099] The ring portion 35a of the second aperture filter 35 blocks only the second long wavelength light beam 1c 
and transmits the short wavelength light beam 1a and the first long wavelength light beam 1b as they are. Here, the 



12 

BNSDOCID: <EP 1313095A2_I_> 



EP 1 313 095 A2 

inner diameter of the ring portion 35a of the second aperture filter 3£i is preferably formed to have a size to obtain an 
effective NA of the objective lens 40 suitable for recording and/or reproduction of the second low density optical disc 
50c. For example, when the second low density optical disc 50c is a CD, the inner diameter of the ring portion 35a of 
the second aperture filter 35 is preferably formed to have a size small enough to obtain an effective NA of 0.45 of the 
5 objective lens 40. 

[0100] In the meantime, Figure 6 shows an optical configuration of a compatible optical pickup according to a pre- 
ferred embodiment of the present invention. Referring to Figure 6, the optical unit (includes a first light source 2 for 
emitting the short wavelength light beam 1a having a wavelength X suitable for recording and/or reproduction of the 
high density optical disc 50a, a first photodetector 13 for receiving and detecting the light beam reflected by the high 

10 density optical disc 50a, first and second optical modules 7 and 8 for emitting the first and second long wavelength 
light beams 1b and 1c having wavelengths X1 and X2 suitable for recording and/or reproduction of the first and second 
low density optical discs 50b and 50c, and first through third optical path changers 3, 6, and 4 for changing proceeding 
paths of the short wavelength light beam 1a and the first and second long wavelength light beams 1b and 1c respectively 
emitted from the first light source 2 and first and second optical modules 7 and 8. 

15 [0101] When an HD-DVD is adopted in the hjgh density optical disc 50a, a blue-violet semiconductor laser emitting 
the short wavelength light beam 1a having a wavelength of, for example, 400 nm, can be provided as the first light 
source 2. 

[0102] The first optical module 7 has a structure in which a light source for emitting the first long wavelength light 
beam 1b and a photodetector for receiving the first long wavelength light beam 1b reflected by the first low density 

20 optical disc 50b are incorporated together. Likewise ; the second optical module 8 has a structure in which a light source 
for emitting the second long wavelength light beam 1c and a photodetector for receiving the second long wavelength 
light beam 1 c reflected by the second low density optical disc 50c are incorporated together. When the first and second 
low density optical discs 50b and 50c are a DVD and a CD, a red semiconductor laser emitting the first long wavelength 
light beam 1 b having a wavelength of, for example, 650 nm, and an infrared semiconductor laser emitting the second 

25 long wavelength light beam 1c having a wavelength of, for example, 780 nm, can be provided as light sources in the 
first and second optical modules 7 and 8, respectively. 

[0103] Here, since the structure of the first and second optical modules 7 and 8 are well known in the field relating 
to the present technology, a detailed description and illustration will be omitted herein. 

[0104] The compatible optical pickup shown in Figure 6 has an optical configuration suitable for a case in which a 
30 polarizing holographic device is provided as the diffractive device 15. Preferably, the first light source 2 emits the short 
wavelength light beam 1 a of, for example, a P polarization, and the first and second optical modules 7 and 8 emit the 
first and second long wavelength light beams 1b and 1c of, for example, an S polarization. 

[0105] A polarized beam splitter is preferably provided as the first optical path changer 3 to improve the efficiency 
of light with respect to the short wavelength light beam 1 a. A beam splitter having transmittance and reflectance to the 

35 s polarization in the ratio of 50:50, for example, to transmit and reflect the first and second long wavelength light beams 
1 b and 1 c emitted from the first and second optical modules 7 and 8 in a similar ratio, can be provided as the second 
optical path changer 1 0. A beam splitter having a transmittance of 90% or more to the short wavelength light beam 1 a 
and a reflectance of 90% or more to the S polarization with respect to the first and second long wavelength light beams 
1 b and 1 c, for example, can be provides as the third optical path changer 4. 

40 [0106] In the meantime, a collimating lens 5 for focusing the short wavelength light 1a and the first and second long 
wavelength light beams 1b and 1c emitted from the first light source 2 and the first and second optical modules 7 and 
8 and approximately converting them into parallel beams, is preferably provided on the optical path between the third 
optical path changer 4 and the objective lens 40. 

[0107] When a polarizing holographic device is provided as the diffractive device 15, the wave plate 19, as shown 
^5 in Figure 6, is preferably arranged between the diffractive device 1 5 and the objective lens 40. In the present preferred 
embodiment, the wave plate 19, as previously described, works as a quarter wave plate with respect to the short 
wavelength light beam 1a and a half wave plate with respect to the first and second long wavelength light beams 1b 
and 1c. 

[0108] In this case, as shown in Figure 7A in which a change in polarization of the short wavelength light beam 1a 
50 j s shown, the short wavelength light beam 1 a having a P polarization when it comes from the optical unit 1 is diffracted 
by the polarizing holographic device, whereas, when the short wavelength light beam 1a is input after being reflected 
by the high density optical disc 50a, it has an S polarization and is not diffracted by the polarizing holographic device. 
Also, as shown in Figures 7B and 7C in which changes in polarization of the first and second long wavelength light 
beams 1b and 1c are shown, since the first and second long wavelength light beams 1 b and 1c have S polarization in 
55 both cases in which it comes from the optical unit 1 and it is input after being reflected by the first and second low 
density optical discs 50b and 50c, they are not diffracted by the polarizing holographic device. 

[0109] In the meantime, as shown in Figure 6, since the short wavelength light beam 1a reflected by the high density 
optical disc 50a and passing through the diffractive device 15 is not diffracted by the diffractive device 15, the short 
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wavelength light beam 1a proceeding back toward the collimating lens 5 becomes a divergent beam. The divergent 
beam is approximately converted to a parallel beam by the collimating lens 5 and proceeds toward the first photode- 
tector 1 3 via the third and first optical path changers 4 and 3. Here, since the short wavelength light beam t a proceeding 
toward the first photodetector 13 is in form of nearly a parallel beam, a condensing lens 9 for condensing the parallel 

5 beam is preferably provided between the first optical path changer 3 and the first photodetector 13. Also, a sensing 
lens 1 1 is preferably provided between the condensing lens 9 and the first photodetector 13. The sensing lens 1 1 , as 
it is well known in the field of the present technology, is adjusted along the optical axis to match the zero position of 
an S-curve of a focus error signal and the position of an information surface of the high density optical disc 50a. 
[0110] Figure 8 shows an optical configuration of a compatible optical pickup according to another preferred embod- 

10 iment of the present invention. Since the same reference numerals as those in Figure 6 indicate the same elements 
having the same or similar functions, detailed descriptions thereof will be omitted herein. 

[01 11] Referring to Figure 8, a compatible optical pickup according to another preferred embodiment of the present 
invention includes the diffractive device 15 (descried with reference to Figures 4 and 5) capable of selectively diffracting 
a light beam having a particular wavelength regardless of polarization. In this case, unlike the case shown in Figure 
15 6, a wave plate 69 needs not be arranged between the diffractive device 1 5 and the objective lens 40. Figure 8 shows 
an example in which a polarized beam splitter is provided as the first optical path changer 3 and the wave plate 69 is 
provided between the first and third optical path changers 3 and 4, to improve the efficiency of light with respect to the 
short wavelength light beam 1a. Here, the wave plate 69 is preferably a quarter wave plate with respect to the short 
wavelength light beam 1a. 

20 [0112] In the meantime, when the diffractive device 15 capable of selectively diffracting only a light beam having a 
particular wavelength regardless of polarization is provided, the short wavelength light beam 1 a reflected by the high 
density optical disc 50a is diffracted as it passes through the diffractive device 15. Thus, the short wavelength light 
beam 1 a reflected by the high density optical disc 50a proceeds back along the same optical path as that along which 
it is emitted from the optical unit 1 , and proceeds toward the first photodetector 1 3 in form of a convergent beam. Thus, 

25 unlike the case shown in Figure 6, the condensing lens does not need to be provided between the first optical path 
changer 3 and the first photodetector 13. 

[0113] Figures 6 and 8 show examples of the preferred optical structure of the compatible optical pickup according 
to the present invention, but the invention is also applicable to a variety of other optical structures. 
[0114] Additionally, although Figures 6 and 8 show examples in which cubic beam splitter type optical path changers 
30 are provided, the present invention is not limited thereto and a variety of modifications to the first through third optical 
path changers 3, 10 : and 4 are available. 

[0115] The proceeding process of a light beam in the compatible optical pickup according to the present invention 
will now be described based on the optical configuration shown in Figure 6. 

[01 1 6] First, when the high density optical disc 50a is adopted, the short wavelength light beam 1 a of a P polarization 

35 emitted from the first light source 2 sequentially passes through the first and third optical path changers 3 and 4 and 
is converted to a parallel beam by the collimating lens 5 and is output from the optical unit 1 . The P polarized short 
wavelength light beam 1a emitted from the optical unit 1 is diffracted by the diffractive device 15, is converted to a 
nearly parallel beam by the divergent lens 1 7, is changed to a circular polarization by the wave plate 1 9, and proceeds 
toward the first and second phase correctors 20 and 30. The short wavelength light beam 1a passes the first and 

40 second phase correctors 20 and 30 and the first and second aperture filters 25 and 35, as it is, is focused by the 
objective lens 40, and is formed as a light spot on a recording surface of the high density optical disc 50a. The short 
wavelength light beam 1a which has another orthogonal circular polarization as being reflected by the high density 
optical disc 50a sequentially passes the objective lens 50a and the first and second phase correctors 20 and 30 and 
then the polarization is changed to an S polarization as it passes through the wave plate 19. The S polarized short 

45 wavelength light beam 1 a is incident on the divergent lens 17 and changed to a divergent beam thereby, and passes 
through the diffractive device 15, as it is, to be incident on the optical unit 1 . The short wavelength light beam 1a input 
to the optical unit 1 is in form of a nearly parallel beam by the collimating lens 5 and passes through the third optical 
path changer 4 to be input to the first optical path changer. The short wavelength light beam 1 a is reflected by the first 
optical path changer 3 and is incident on the condensing lens 9, and then is focused by the condensing lens 9 and the 

50 sensing lens 11 to be received by the first photodetector 13. 

[0117] When the first low density optical disc 50b is adopted, the first long wavelength light beam 1b having an S 
polarization emitted from the first optical module 7 passes through the second optical path changer 6 and is incident 
on the third optical path changer 4. The first long wavelength light beam 1 b is reflected by the third optical path changer 
4 and is incident on the collimating lens 5, and is changed to a nearly parallel beam by the collimating lens 5. The S 

55 polarized first long wavelength light beam 1b passes through the diffractive device 15, as it is, and is changed to a 
divergent beam by the divergent lens 1 7. The S polarized first long wavelength light beam 1 b passes through the wave 
plate 19, is approximately changed to a light beam having a P polarization as it passes through the wave plate 1 9 ; and 
is incident on the first phase corrector 20. A change in phase difference is generated to the first long wavelength light 
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beam 1b so that the first phase corrector 20 can correct spherical aberration and/or chromatism, and the first long 
wavelength light beam 1b is incident on the first aperture filter 25. The first long wavelength light beam 1b is partially 
blocked by the first aperture filter 25 and part thereof proceeding toward the inner side of the ring portion 25a only 
passes through the first aperture filter 25, to have a size such that an effective NA, for example, 0.6, suitable for 

5 recording and/or reproduction of the first low density optical disc 50b is obtained. The first long wavelength light beam 
1b passes through the second phase corrector 30 and the second aperture filter 35, as it is, to be incident on the 
objective lens 40, and forms a light spot on the recording surface of the first low density optical disc 50b by being 
focused by the objective lens 40. The first long wavelength light beam 1b reflected by the first low density optical disc 
50b is converted to an S polarization beam while passing through the wave plate 19 and proceeds back to the first 

10 optical module 7 along the opposite path. 

[0118] When the second low density optical disc 50c is adopted, the second long wavelength light beam 1c having 
an S polarization emitted from the second optical module 8 is sequentially reflected by the second and third optical 
path changers 6 and 4 and is converted to a nearly parallel beam by the collimating lens 5. The S polarized second 
long wavelength light beam 1c passes through the diffractive device 15, as it is, and is changed to a divergent beam 

15 by the divergent lens 17. The S polarized second long wavelength light beam 1c is approximately changed to the P 
polarized light beam as it passes through the wave plate 19 and is incident on the first phase corrector 20. The second 
long wavelength light beam 1c passes through the first phase corrector 20 and the first aperture filter 25, as it is, and 
is incident on the second phase corrector 30. A change in phase difference is generated to the second long wavelength 
light beam 1c so that the second phase corrector 30 can correct spherical aberration and/or chromatism. Part of the 

20 second long wavelength light beam 1c is blocked by the second aperture filter 35. Part of the second long wavelength 
light beam 1c proceeding toward the inside of the ring portion 35a passes through the second aperture filter 35 and 
has a size enough to obtain an effective NA, for example, an NA of 0.45, suitable for recording and/or reproduction of 
the second low density optical disc 50c. The second long wavelength light beam 1c is focused by the objective lens 
40 so that a light spot is formed on the recording surface of the second low density optical disc 50c. The second long 

25 wavelength light beam 1c having a P polarization reflected by the second low density optical disc 50c is changed to 
have an S polarization as it passing through the wave plate 19, and proceeds back to the second optical module 8 
along the opposite path. 

[0119] An optical design of a compatible optical pickup according to a particularly preferred embodiment of the 
present invention will now be described. 
30 [0120] Figures 9A through 9C show optical paths of the short wavelength light beam 1a and first and second long 
wavelength light beams 1 b and 1c when the compatible optical pickups shown in Figures 6 and 8 is separated into an 
optical system contributing to recording and/or reproduction of an HD-DVD, a DVD, and a CD. Table 2 shows a design 
example by which the optical paths of Figures 9a through 9C can be obtained. In Table 2, the short wavelength light 
beam 1a and the first and second long wavelength light beams 1b and 1c are 400 nm, 650 nm, and 870 nm, respectively. 

35 



[Table 2] 



45 



50 



55 



surface surface 


Radius of Curvature (mm) 


Thickness/ Interval (mm) 


(Glass) Material (Glass) 


Surface of Object 


INFINITY 


INFINITY 




S1 


INFINITY 


0.000000 




S2 


INFINITY 


0.250000 
2.000000 
2.500000 


BK7_HOYA 


S3 


INFINITY 


6.163560 

5.56580 

5.35287 




S4 


INFINITY 


5.000000 


BK7 HOYA 


S5 


INFINITY 


5.000000 




S6 


INFINITY 


5.000000 


BK7-HOYA 


S7 


INFINITY 


1 .000000 




S8 


133.350456 


2.000000 


M-BaCD5N_HOYA 


K.-307.351031 
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[Table 2[ 


(continued) 


surface surface 


Radius of Curvature (mm) 


Thickness/ Interval (mm) 


(Glass) Material (Glass) 


S9 


-13.236664 


2.000000 






K:-0.453871 


S10 


INFINITY HOE 


0.700000 


M-BaCD5N_HOYA 




C1:-1.9676E-02 


S11 


15.073272 


0.500000 




S12 (STOP) 


1.716498 


2.850000 


M-LaC130_HOYA 




K:-0.631379 








A:0.599226E-02 B:0.113447E-02 C:0.1 36628E-03 D:0.320343E-04 




E:0.779174E-05 R-.31 61 06E-05 G:0.885052E-07 H:0.308966E-06 




J;-.747648E-07 






S13 


-10.695842 


0.641810 

0.61492 

0.26732 






K:-1 59. 109260 








A;0.208702E+00 B:-. 240069+00 C;0.129315E+00 D:-.284858E-01 


S14 


INFINITY 


0.100000 
0.60000 
1 .20000 


'CG' 


S15 


INFINITY 


0.00000 




Image Surface 


INFINITY 


0.00000 





35 



40 



[0121] In Table 2, the thickness/interval data of the surfaces S2, S3, S13, and S14 correspond to an HD-DVD, a 
DVD, and a CD, respectively, from the above. The thickness between the surface S2 and S3 is a thickness of a window 
with respective to the first light source 2 for 400 nm and a thickness of a transparent member with respect to the first 
and second optical modules 7 and 8 for 650 nm and 780 nm. 

[0122] In Table 2, K denotes a conic constant of the aspheric surfaces S2 and S3 and A, B, C, D, E, F, G, H, and J 
denote aspheric coefficients. When the depth from the apex of an aspherical surface is z, an equation to the aspherical 
surfaces S2 and S3 can be expressed by Equation 5. 

[Equation 5] 



45 



z - 



1 + Vl-(1+K)c 2 ft 2 



+ Ah A + Bh 6 + Ch a + Dh W + Eh" 2 + Fh' 4 + Gh' 6 4- Hh™ + Jh 20 



[0123] Here ; h denotes a height from the optical axis, c denotes a curvature, and A - J denote aspheric coefficients. 
[0124] In Table 2, the surface S1 0 denotes a diffractive surface of the diffractive device (the holographic device) 15 
and C1 denotes a coefficient indicating power. A phase coefficient of the holographic device can be expressed by 
so Equation 6 in form of rotationally symmetric form. 



55 
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[Equation 6] 



2n 



10 



15 



20 



30 



35 



40 



45 



50 



55 



[0125] Here : <j), C n , and r denote a phase difference, a coefficient, and polar coordinate, respectively. 

[Table 3] 



Wavelength 


400 nm 


650 nm 


780 nm 


Refractive index 


BK7_HOYA 


1.530196 


1.514520 


1.511183 


M- 

BaCD5N_HOYA 


1.605183 


1.586417 


1 .582468 


M-LaC130_HOYA 


1.715566 


1.689858 


1 .684657 


'CG' 


1.621462 


1.58.1 922 


1.575091 


Diameter of Entrance Pupil 


3.886 


2.8 


2.1 



[0126] Table 3 shows refractive indices of BK7_HOYA, M-BaCD5N_HOYA, and M-l_aC130_HOYA, which are formed 
of a glass material used as an optical medium, and 'CG' which is an optical medium of optical disc, with respect to 
wavelengths of 400 nm, 650 nm, and 780 nm, in the design example of Table 2, and the diameter of entrance pupil of 
the short wavelength light beam 1 a having a wavelength of 400 nm, the first long wavelength light beam 1b having a 
wavelength of 650 nm, and the second long wavelength light beam 1c having a wavelength of 780 nm, which are 
incident on the objective lens 40 in Figures 9A through 9C. 

[0127] In the case of the optical data of Table 2 and Table 3, as can be seen from Figure 9A, a working distance of 
about 0.6 mm can be obtained with respect to an HD-DVD having a thickness of 0.1 mm. As can be seen from Figure 
9B, a working distance of about 0.57 mm can be obtained with respect to a DVD having a thickness of 0.6 mm. Also, 
as can be seen from Figure 9G, a working distance of about 0.23 mm can be obtained with respect to a CD having a 
thickness of 1 .2 mm. Here : in Figures 9A through 9C, the working distances of 0.6 mm, 0.57 mm, and 0.23 mm of the 
objective lens 40 with respect to the HD-DVD, DVD, and CD are obtained by subtracting 0.04 mm due to the shape of 
the objective lens from the working distances of 0.641 81 0 mm, 0.61 492 mm, and 0.26732 mm of the objective lens 40 
with respect to the HD-DVD, DVD, and CD shown in Table 2. 

[0128] Thus, as can be seen from the detailed preferred embodiment shown in Table 2, Table 3, and Figures 9A 
through 9C, since the compatible optical pickup according to the present invention can increase a working distance 
by the divergent lens 17 with respect to the first and second long wavelength light beams 1b and 1c, even when the 
objective lens 40 designed to have a short working distance not more than 0.7 mm with respect to the high density 
optical disc 50a is adopted, a working distance sufficient to prevent collision between the objective lens 40 and the 
second low density optical disc 50c can be secured when the second low density optical disc 50c having a thickness 
greater than the high density optical disc 50a is adopted. 

[0129] Also, when the compatible optical pickup according to the present invention has the optical data such as the 
preferred embodiment described with reference to Table 2, Table 3, and Figures 9A through 9C, and has the diffractive 
device 1 5, aberration to a change in wavelength of the short wavelength light beam 1 a can be remarkably reduced as 
can be seen from Table 4 and Figures 1 0A and 1 0B. 

[01 30] Table 4 shows the amounts of aberration and defocus by the objective lens 40 itself in a normal state in which 
there is no change in wavelength, the amounts of aberration and defocus by the objective lens 40 itself when the 
wavelength increases by 1 nm by a mode hopping (OL only), and the amounts of aberration and defocus when the 
first light source (LD: 2), the collimating lens (CL: 5), the diffractive device (diffractive surface: 15), and the objective 
lens (OL: 40) are all applied as in the compatible optical pickup according to the present invention (LD+CL+diffractive 
surface+OL). When the wavelength increases by 1 nm by the mode hopping, Figure 10A shows chromatism by the 
objective lens 40 itself, Figure 10B shows chromatism in the case in which the first light source 2, the collimating lens 
5, the diffractive device 15, and the objective lens 40 are all applied. 
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[Table 4] 



Change 


OL only 


LD+CL+ "diffractive surface" +OL 


Chromatism (Normal) 


0.0013>l 


0.0060 X 


Chromatlsm (Mode Hopping+1 nm) 
(Defocus) 


0.1657A. 
(510 nm) 


0.0353^ 
(103 nm) 



[0131] As can be seen from Table 4 and Figures 10A and 10B, in the compatible optical pickup according to the 
present invention, when the diffractive device 15 is provided, it can be seen that the amounts of aberration and defocus 
are remarkably reduced during a change in wavelength according to mode hopping. In Table 4, the amount of aberration 
with respect to the "LD+CL+diffractive surface+OL" during the mode hopping is 0.0353X. Considering a typical aber- 
ration allowance is 0.035A,, the amount of aberration of about 0.0353X is acceptable. 

[0132] Table 4 indicate the amounts of aberration and defocus for a case in which all of the first light source (LD: 2), 
the collimating lens (CL: 5), the diffractive device (diffractive surface: 15), and the objective lens (OL: 40) are applied 
(LD+CL+diffractive surface+OL), considering actual conditions for use. 

[0133] Here : the amounts of aberration and defocus during coupling of the "diffractive surface+OL" are reviewed 
below to see a change in aberration and defocus when the diffractive device 15 is provided in the present invention. 
In the case of the "diffractive surface+OL" aberration in the normal state is 0.00651 A, and the amounts of aberration 
and defocus when the wavelength is increased by 1 nm due to the hopping mode are 0.021 71X and 56 nm, respectively. 
[0134] Referring to Table 5 : when an HD-DVD, a DVD, and a CD are adopted, focal lengths of the objective lens 
having design data of Table 2 with respect to the short wavelength light beam 1 a and the first and second long wave- 
length light beams 1b and 1c are about 2.286 mm, 2.359 mm, and 2.375 mm, respectively, and effective diameters 
(NA) of the objective lens 40 with respect to the short wavelength light beam 1a andthefirst and second long wavelength 
light beams 1b and 1c are about 3.9 mm (NA=0.85), 2.8 mm (NA=0.60), and 2.1 mm (NA=0.45). 



[Table 5] 





HD-DVD 


DVD 


CD 


Wavelength 


400 nm (XI) 


650 nm (X2) 


780 nm (X3) 


Thickness of Optical Disc 


0.1 mm 


0.6 mm 


1 .2 mm 


Focal Length of Objective Lens 


2.286 


2.359 


2.375 


Effective Diameter of Objective Lens (NA) 


3.9 mm (0.85) 


2.8 mm (0.60) 


2.1 mm (0.45) 


OPDrms 


0.00X 


0.30X1 


0.18X2 



[0135] In the size of aberration (OPDrms) generated when the objective lens 40 manufactured with the design data 
of Table 2 is compatibly used for a DVD and a CD, as shown in Table 5, aberration is hardly generated when the 

40 objective lens 40 forms a light spot on the HD-DVD 50a having a thickness of 0.1 mm by focusing the short wavelength 
light beam 1a having a wavelength of 400 nm. In contrast, when the objective lens 40 forms a light spot on the DVD 
50b having a thickness of 0.6 mm by focusing the first long wavelength light beam 1 b having a wavelength of 650 nm, 
aberration of 0.30 X1 is generated. When the objective lens 40 forms a light spot on the CD 50c having a thickness of 
1.2 mm by focusing the second long wavelength light beam 1c having a wavelength of 780 nm, aberration of 0.18 X2. 

45 is generated. That is, when the objective lens 40 is compatibly used for a DVD and a CD, spherical aberration is partly 
corrected by a divergent beam due to the operation of the divergent lens 1 7, however, aberration far exceeding a value 
of 0.0351 A. that is typically admitted as an allowable aberration value, is still generated in the optical pickup. 
[0136] However, when the first and second phase correctors 20 and 30 are arranged at the side of entrance pupil 
of the objective lens 40, aberration generated during the compatible use of a DVD and a CD can be remarkably reduced 

50 as described later. 

[0137] Detailed preferred embodiments of the first and second phase correctors 20 and 30 to be capable of being 
applied to the compatible optical pickup according to the present invention, and the effect of remarkably reducing 
aberration generated during compatible use of a DVD and a CD by using the first and second phase correctors 20 and 
30, will not be described below. The detailed preferred embodiments of the first and second phase correctors 20 and 
55 30 are described for the case in which the wavelengths X, X1 , and X2 of the short wavelength light beam 1 a and the 
first and second long wavelength light beams 1b and 1c are 400 nm, 650 nm, and 780 nm, respectively. 
[0138] Table 6 shows detailed preferred embodiments of the first and second phase correctors 20 and 30 and re- 
maining aberration when the first and second phase correctors 20 and 30 are used. Figure 11 is a graph showing a 
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phase difference with respect to the wavelength X of the short wavelength light beam 1a for an HD-DVD and the 
wavelength X2 of the second long wavelength light beam 1c for a CD ; according to the size of a step s1 , when FCD1 
is used as an optical medium of the first phase corrector 20. Figure 12 is a graph showing a phase difference with 
reference to the wavelength X of the short wavelength light beam 1 a for an HD-DVD and the wavelength A,1 of the first 
5 long wavelength light beam 1b for a DVD, according to the size of a step s2, when M-NbFD83 is used as an optical 
medium of the second phase corrector 30. Table 6 and the graphs of Figures 11 and 12 are obtained when the wave- 
length A, of the short wavelength light beam 1a for an HD-DVD is 400 nm, the wavelength X2 of the second long 
wavelength light beam 1 c for a CD is 780 nm, and the wavelength XI of the first long wavelength light beam 1 b for a 
DVD is 650 nm. 



10 

[Table 6] 









HD-DVD 


DVD 


CD 




First Phase Corrector for DVD 


Glass Material 


FCD1 






15 




Step depth 
Step Number 


1 .57 u.m 
5 steps 










Phase Difference/Step 


0.99 A. 


0.20 A.1 


0.99 X2 


20 




Refractive index 


1 .507672 


1 .495285 


1.492821 






Remaining Aberration after Correction 
(OPDrms) 


0.0112 X 


0.0045 XI 


0.0125 X2 




Second Phase Corrector for CD 


Glass Material 


M-NbFD83 






25 




Step depth 
Step Number 


3.2 ujti 
2 steps 










Phase Difference/Step 


0.99 X 


0.00 XI 


0.29 X2 


30 




Refractive index 


1 .873786 


1 .812876 


1.802912 




Remaining Aberration after Correction 
(OPDrms) 


0.0013 X 


0.0041 A.1 


0.030 X2 



[0139] Referring to Table 6 and Figure 11 , when FCD1 is used as an optical medium of the first phase corrector 20 
and the size of the step s1 is 1 .57 urn, a phase difference of 0.99 X close to an integral multiple with respect to the 
wavelength X of the short wavelength light beam 1a for an HD-DVD is generated, a phase difference of 0.99 A2 close 
to an integral multiple with respect to the wavelength X2 of the second long wavelength light beam 1c for a CD is 
generated, and a phase difference of 0.20 A,1 with respect to the wavelength A.1 of the first long wavelength light beam 
1 b for a DVD is generated. 

[0140] When FCD1 is used as an optical medium of the first phase corrector 20, the size of the step s1 is 1.57 (xm, 
and a pattern has a 5-step structure, a change in phase difference is hardly generated as the short wavelength light 
beam 1a for an HD-DVD and the second long wavelength light beam 1c for a CD pass through the first phase corrector 
20. However, a change in phase difference is generated as the first long wavelength light beam 1b for a DVD passes 
through the first phase corrector 20. Thus, by forming a pattern in the first phase corrector 20 to generate a change in 
phase difference which can offset the aberration to the first long wavelength light beam 1b for a DVD, the aberration 
to the first long wavelength light beam 1b for a DVD can be corrected. 

[0141] Referring to Table 6 and Figure 12, when M-NbFD83 is used as an optical medium of the second phase 
corrector 30 and the size of the step s2 is 3.2 |im, a phase difference of 0.99 X close to an integral multiple with respect 
to the wavelength X of the short wavelength light beam 1a for an HD-DVD is generated, a phase difference of 0.00 A.1 
close to an integral multiple with respect to the wavelength X1 of the first long wavelength light beam 1b for a DVD is 
generated, and a phase difference of 0.29 A.2 with respect to the wavelength A.2 of the second long wavelength light 
beam 1c for a CD is generated. 

[0142] When M-NbFD83 is used as an optical medium of the second phase corrector 30, the depth of the step s2 is 
3.2 u.m, and a pattern has a 2-step structure, a change in phase difference is hardly generated as the short wavelength 
light beam 1a for an HD-DVD and the first long wavelength light beam 1b for a DVD pass through the second phase 
corrector 30. However, a change in phase difference is generated as the second long wavelength light beam 1c for a 
CD passes through the second phase corrector 30. Thus, by forming a pattern in the second phase corrector 30 to 
generate a change in phase difference which can offset the aberration to the second long wavelength light beam 1c 
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for a CD, the aberration to the second long wavelength light beam 1 c for a CD can be corrected. 
[0143] Figure 13 shows, in two dimensions, a phase difference corresponding spherical aberration to be corrected 
when a DVD is adopted. Figure 14 shows, in two dimensions, a change in phase difference generated in the first phase 
corrector 20 where a pattern having a 5-step structure is formed to correct the phase difference (aberration) shown in 

5 Figure 13. Figure 15 shows a one-dimensional section obtained by overlapping Figures 13 and 14. The phase differ- 
ences being corrected, shown in Figures 1 3 and 1 5, are reverse to the phase difference with respect to the aberration 
generated when a DVD is adopted. The horizontal axis in Figure 15 has the same scale as that of the horizontal axes 
of Figures 13 and 14 while the vertical axis presents the phase difference in the unit of wavelength. 
[0144] As can be seen from Figure 15, according to the first phase corrector 20 according to the present invention, 

10 the aberration generated when a DVD is adopted can be sufficiently corrected. 

[0145] Here : the size of the step s1 of the pattern formed in the first phase corrector 20 is slightly different from an 
integral multiple of the wavelength X of the short wavelength light beam 1 a for an HD-DVD and an integral multiple of 
the wavelength X2 of the second long wavelength light beam 1c for a CD, within the above-described range of error. 
Thus, a phase difference by the first phase corrector 20 may remain during recording and/or reproduction of a CD, as 

15 shown in Figure 16A. Also, during recording and/or reproduction of an HD-DVD, a phase difference due to the first 
phase corrector 20 may remain as shown in Figure 16B. Although a phase difference by the first phase corrector 20 
remains with respect to the short wavelength light beam 1 a and the second long wavelength light beam 1 c, as shown 
in Figures 16A and 16B, the amount of aberration due to the remaining phase difference is far less than 0.035A,, as 
can be seen from Table 6, which is sufficiently allowable. Here, the horizontal axes of Figures 16A and 16B indicate 

20 the same scale of the horizontal axis of Figure 15 while the vertical axes presents a phase difference in the unit of 
wavelength. 

[0146] Figure 1 7 shows a phase difference, in two dimensions, corresponding to spherical aberration to be corrected 
when a CD is adopted, Figure 18 shows a change in phase difference, in two dimensions, generated in the second 
phase corrector 30 in which a pattern having a 2-step structure to correct the phase difference (aberration) shown in 
25 Figure 1 7 is formed. Figure 1 9 shows a one-dimensional section of the phase difference obtained by overlapping Figure 

1 7 and Figure 1 8. The horizontal axis in Figure 19 has the same scale as that of the horizontal axes of Figures 1 7 and 

18 while the vertical axis present the phase difference in the unit of wavelength. 

[01 47] As can be seen from Figure 1 9, according to the second phase corrector 30 according to the present invention, 
the aberration generated when a CD is adopted can be sufficiently corrected. 

30 [0148] Here ; similar to that of the first phase corrector 20, the size of the step s2 of the pattern formed in the second 
phase corrector 30 is slightly different from an integral multiple of the wavelength X of the short wavelength light beam 
1 a for an HD-DVD and an integral multiple of the wavelength XI of the first long wavelength light beam 1 b for a DVD, 
within the above-described range of error. Thus, a phase difference by the second phase corrector 30 may remain 
during recording and/or reproduction of a DVD, as shown in Figure 20A. Also, a phase difference by the second phase 

35 corrector 30 may remain during recording and/or reproduction of an HD-DVD, as shown in Figure 20B. Although a 
phase difference by the second phase corrector 30 remains with respect to the short wavelength light beam 1a and 
the first long wavelength light beam 1 b as shown in Figures 20A and 20B, the amount of aberration due to the remaining 
phase difference is within a range of allowance as can be seen from Table 6, which is sufficiently allowable. Here, the 
horizontal axes of Figures 20A and 20B indicate the same scale of the horizontal axis of Figure 19 while the vertical 

40 axes present a phase difference in the unit of wavelength. 

[0149] Although the stepped pattern of the diffractive device 15 and the first and second phase correctors 20 and 
30 are described and illustrated to have physical step structures with reference to Figures 2 and 4, the diffractive device 
15 and the first and second phase correctors 20 and 30 according to the present invention can be formed to have a 
refractive index change structure so that a change in phase difference is generated corresponding to the physical step 

45 structure. 

[01 50] For example, an LCD panel manufactured and driven to satisfy the conditions of Equations 5 and 6 and formed 
to perform a phase correction function to a light beam having a particular wavelength and transmit the light beams 
having the other two wavelengths, nearly as they are, can be provided as the first and second phase correctors 20 
and 30. 

50 [0151] In the above, a case in which the compatible optical pickup according to the present invention compatibly 
adopts the high density optical disc 50a and the first and second low density optical discs 50b and 50c, is described 
and illustrated. However, the present invention is not limited thereto. For example, the compatible optical pickup ac- 
cording to the present invention can be provided to compatibly adopt the high density optical disc 50a and the first low 
density optical disc 50b. in this case, the step d of the pattern of a non-polarization diffractive device is preferably 

55 formed to satisfy that (n11-n0')d=g^1 with respect to the wavelength X1 of the first long wavelength light beam when 
the refractive index of an optical medium forming the diffractive device is n11 with respect to the wavelength X.1 of the 
first long wavelength light beam. Here, g is a number within a range of integer±0.07 and n0' is a refractive index of the 
air portion with respect to the wavelength XA . 
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[0152] Since the optical configuration of the compatible optical pickup according to the present invention for the 
compatible use of optical discs in two different formats can be obtained by appropriately changing the optical config- 
uration, a detailed description thereof will be omitted herein. 

[0153] The present inventor confirms that the indications of an optical material (optical medium) used above are 

5 copied, as they are, from a catalogue printed by HOYA. 

[0154] A described above, in the compatible optical pickup according to the present invention, since the diffractive 
device is provided, defocus of the short wavelength light source due to the mode hopping can be reduced. Since the 
divergent lens is provided in the above compatible optical pickup, a sufficient working distance can be secured so that 
the objective lens does not collide with the low density optical disc with respect to the light beam emitted from the long 

10 wavelength light source. 

[01 55] Also, when the high density optical disc and the first and second low density optical discs, such as an HD-DVD, 
a DVD, and a CD, are compatibly recorded and/or reproduced by using three light beams having different wavelengths, 
since the compatible optical pickup includes a pair of phase correctors for generating a change in phase difference 
with respect to a light beam having a particular wavelength and transmitting light beams having other two wavelengths, 

15 nearly as they are, the aberration generated during recording and/or reproduction of the first and second low density 
optical discs can be sufficiently corrected. 

[0156] The reader's attention is directed to all papers and documents which are filed concurrently with or previous 
to this specification in connection with this application and which are open to public inspection with this specification, 
and the contents of all such papers and documents are incorporated herein by reference. 
20 [0157] All of the features disclosed in this specification (including any accompanying claims, abstract and drawings), 
and/or all of the steps of any method or process so disclosed, may be combined in any combination, except combina- 
tions where at least some of such features and/or steps are mutually exclusive. 

[0158] Each feature disclosed in this specification (including any accompanying claims, abstract and drawings), may 
be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
25 Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent 
or similar features. 

[0159] The invention is not restricted to the details of the foregoing embodiment(s). The invention extends to any 
novel one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so 
30 disclosed. 



Claims 

35 1. A compatible optical pickup comprising: 

an optical unit (1 ) for emitting a short wavelength light beam (1a) suitable for a high density optical disc (50a) 
and at least one long wavelength light beam (1b, 1c) suitable for at least one kind of low density optical disc 
(50b, 50c), and for receiving and detecting light beams reflected by the high density optical disc and the low 
40 density optical disc; 

an objective lens (40) for forming a light spot on the high density optical disc (50a) and the low density optical 
disc (50b, 50c) by focusing incident short wavelength and long wavelength light beams; 

45 a diffractive device (15) for correcting chromatism according to a change in wavelength of the short wavelength 

/igrtt beam (1a) by diffracting the short wavelength light beam output from the optical unit (1); and 

a divergent lens (17) for increasing a working distance with respect to the at least one kind of low density 
optical discs (50b, 50c) by refracting the long wavelength light beam (1b, 1c) proceeding from the optical unit 
50 (1) toward the objective lens (40). 

2. The compatible optical pickup as claimed in claim 1 , wherein the short wavelength light beam (1a) and the long 
wavelength light beam (1b,1 c) are polarized orthogonally with respect to each other, and the diffractive device (15) 
is a polarizing holographic device which diffracts a short wavelength light beam (1 a) having one polarization and 

55 transmits unchanged long wavelength light beam (1b,1c) having a different polarization orthogonal to the short 

wavelength light beam (1a). 

3. The compatible optical pickup as claimed in claim 2, wherein the polarizing holographic device (15) is of a blazed 
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type to improve an efficiency of first diffraction with respect to the short wavelength light beam (1a). 

4. The compatible optical pickup as claimed in any preceding claim, wherein the low density optical disc (50b,50c) 
comprises first (50b) and second (50c) low density optical discs having different recording density and thickness, 

5 and the long wavelength light beam (1 b) comprises a first long wavelength light beam having a wavelength of M 

suitable for the first low density optical disc (50b) and a second long wavelength light beam (1c) having a wavelength 
of X2 suitable for the second low density optical disc (50c). 

5. The compatible optical pickup as claimed in claim A, wherein the diffractive device (15) is a holographic device 
10 where a pattern having a stepped structure is formed, and when refractive indices of an optical medium forming 

the holographic device are n11 and n22 with respect to the wavelengths ^1 and A2 of the first and second long 
wavelength light beams, the size of a step d of the pattern satisfies following equations: 

15 (n11-n0')d=gA.1, 
and 

20 (n22-nO tt )d=hX2, 

where g and h are numbers within a range of integer±0.07, and n0' and nO" are refractive indices of an air 
portion with respect to the wavelengths of XI and A2 : respectively. 

25 6. The compatible optical pickup as claimed in preceding claim, wherein the first and second low density optical discs 
(50b, 50c) are a DVD family and a CD family, respectively. 

7. The compatible optical pickup as claimed in any preceding claim, wherein the high density optical disc (50a) has 
a thickness thinner than the first low density optical disc (50b). 

30 

8. The compatible optical pickup as claimed in claim 7, wherein the high density optical disc (50a) has a thickness 
of about 0.1 mm. 

9. The compatible optical pickup as claimed in any preceding, wherein the objective lens (40) has an NA of 0.7 or 
35 more suitable for the high density optical disc (50a). 

10. The compatible optical pickup as claimed in claim 9, wherein a working distance of the objective lens (40) is not 
more than 0.7 mm. 

40 11. The compatible optical pickup as claimed in claim 9 or 10, wherein the objective lens (40) has an NA of 0.85. 

12. The compatible optical pickup as claimed in any of claims 4 to 11, further comprising first and second phase 
correctors (20,30) for correcting aberration generated when the first and second low density optical discs (50b, 
50c) are adopted, by generating a change in phase difference with respect to the first and second long wavelength 

45 nght beams (1b, 1c). 

1 3. The compatible optical pickup as claimed in claim 12, wherein each of the first and second phase correctors (20,30) 
has a plurality of phase delay areas, and when the amounts of phase delay when the short wavelength light beam 
having a wavelength of A, and the second long wavelength light beam having a wavelength of X2. pass through one 

50 phase delay area of the first phase corrector are a and a', and the amounts of phase delay when the short wave- 

length light beam and the second long wavelength light beam pass through the other phase delay area of the first 
phase corrector adjacent to the one phase delay area are b and b\ the first phase corrector satisfies following 
equations: 



55 



(a-b-HA,, 

and 
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(a , -b , )=mA.2 ) 

where , 1 and m are numbers within a range of integer±0.07, and when the amounts of phase delay when 
5 the short wavelength light beam having a wavelength of A, and the first long wavelength light beam having a wave- 

length of A,1 pass through one phase delay area of the second phase corrector are c and c\ respectively, and the 
amounts of phase delay when the short wavelength light beam and the first long wavelength light beam pass 
through the other phase delay area of the second phase corrector adjacent to the one phase delay area are d and 
d\ respectively, the second phase corrector satisfies following equations: 

10 

(c-d)=pA,, 

and 

15 

(c'-d')=qA.1, 

where p and q are numbers within a range of integer±0.07. 

20 

14. The compatible optical pickup as claimed in claim 13, wherein a pattern having a stepped structure is formed in 
the first phase corrector (20), the step of the pattern corresponds to the respective phase delay areas : and when 
refractive indices of an optical medium forming the first phase corrector with respect to the wavelengths of X and 
X2 are n and n2, respectively, the size s1 of the step of the pattern satisfies following equations: 

25 

(n-nO)s1=IX, 

and 

30 

(n2-nO ,, )s1=mX2 J 

where nO' and nO" are refractive indices of an air portion with respect to the wavelengths of X and X2, re- 
35 spectively. 

15. The compatible optical pickup as claimed in claim 13 or 14, wherein a pattern having a stepped structure is formed 
in the second phase corrector (30), the step of the pattern corresponds to the respective phase delay areas, and 
when refractive indices of an optical medium forming the second phase corrector with respect to the wavelengths 

40 of X and A/I are n' and n1\ respectively, the size s2 of the step of the pattern satisfies following equations: 

(n , -nO)s2=pA,, 

45 and 

(n1 l -nO , )s2=qA,1 , 

so where nO and nO' are refractive indices of an air portion with respect to the wavelengths of X and X'\ , respectively. 

16. The compatible optical pickup as claimed in any preceding claim, further comprising an aperture filter (25) for 
changing an effective NA of the objective lens (40) with respect to one of the first and second long wavelength 
light beams (1b, 1c) suitable for recording and/or reproduction of one of the first and second low density optical 

55 discs (50b, 50c). 

1 7. The compatible optical pickup as claimed in claim 1 6, wherein the aperture filter (25) is one of a wavelength selective 
coating member and a holographic diffractive member which are formed to allow a light beam incident at a centra! 
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portion of the aperture filter to proceed, as it is, and selectively prevent a light beam incident outside the central 
portion according to a wavelength of the incident light beam. 

18. The compatible optical pickup as claimed in claim 16 or 17, wherein the aperture filter (25) is integrally formed with 
one of the first and second phase correctors (20,30). 

19. The compatible optical pickup as claimed in any preceding claim, wherein the short wavelength light beam (1a) is 
in a blue-violet wavelength area, the first long wavelength light beam (1b) is in a red wavelength area, and the 
second long wavelength light beam (1c) is in an infrared wavelength area. 

20. The compatible optical pickup as claimed in claim 19, wherein the X is substantially in a range between 400-410 
nm, the A.1 is substantially one of 635 nm and 650 nm, and the X2 is substantially 780 nm. 

21. The compatible optical pickup as claimed in any preceding claim, wherein the diffractive device (15) is a holographic 
15 device in which a pattern having a stepped structure is formed, and when a refractive index of an optical medium 

forming the holographic device is n, the size of a step of the pattern of the holographic device satisfies a following 
equation with respect to the wavelength K of the long wavelength light beam: 

20 (n-n0)d=gA,. 

where g is a number within a range of integer±0.07, and nO is a refractive index of an air portion with respect 
to the wavelength \. 

25 22. The compatible optical pickup as claimed in any preceding claim, wherein a blazed type pattern is formed in the 
holographic device. 

23. The compatible optical pickup as claimed in any preceding claim, wherein, when the short wavelength light beam 
(1 a) output from the optical unit (1) and incident on the diffractive device (15) is a parallel beam, the divergent lens 

30 (1 7) offsets optical power applied by the diffractive device (1 5) to the short wavelength light beam (t a) and makes 

a parallel short wavelength light beam incident on the objective lens (40). 

24. The compatible optical pickup as claimed in any preceding claim, wherein the diffractive device (15) and the di- 
vergent lens (17) are integrally driven with the objective lens (40). 

35 

25. The compatible optical pickup as claimed in any preceding claim, further comprising a wave plate (69) between 
the diffractive device (15) and the objective lens (40) to improve an efficiency of light with respect to the short 
wavelength light beam. 

40 26. The compatible optical pickup as claimed in claim 25, wherein the wave plate (69) substantially performs functions 
of a quarter wave plate with respect to the short wavelength light beam and a half wave plate with respect to the 
long wavelength light beam. 

27. The compatible optical pickup as claimed in any preceding claim, further comprising a wave plate (69) to improve 
45 an efficiency of light with respect to the short wavelength light beam. 

28. The compatible optical pickup as claimed in claim 27, wherein the wave plate (69) substantially performs a function 
of a quarter wave plate with respect to the short wavelength light beam. 

50 
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FIG. 7C 
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FIG. 9A 
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FIG. 10A 
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FIG. 11 
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FIG. 17 




50 100 150 200 250 



FIG. 18 



50 



100 



150 



200 



250 



j'v j- 4 -*-* - '-7 p*: 



50 100 150 200 250 



37 



EP 1 313 095 A2 



FIG. 19 




250 



FIG. 20A 




DVD 



FIG. 20B 




HD-DVD 



38 



BNSDOCID: <EP_ 



.1313095A2_i_> 



